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DQWLFLSDWLRQRIWKHVHGLIILFXOWSKHQRPHQDWKHLQWHUQDWLRQDOUHVHDUFKFRPPXQLW\IRFXVHGRQWKHLQYHVWLJDWLRQRIWKH
FDXVHVRIVXFKDQH[SORVLRQLQWKHLQWHUQDWLRQDOIRRGSULFHVFRQVLGHULQJDVPDLQGHWHUPLQDQWWKHVKDUSLQFUHDVHLQ
LQWHUQDWLRQDOIXHOSULFHV
$JULFXOWXUHFRQVWLWXWHVDQHQHUJ\LQWHQVLYHVHFWRUDQGDVDUHVXOWSULFHVRIDJULFXOWXUDOSURGXFWVLQWHUDFWZLWKWKH
IXHO SULFHV WKURXJKPDQ\ GLIIHUHQW FKDQQHOV )XUWKHU WKH H[SDQVLRQ RI WKH ELRIXHO VHFWRU DV D UHVXOW RI ULVLQJ RLO
SULFHV KDV OHG WR HYHQ JUHDWHU LQWHJUDWLRQ EHWZHHQ WKH WZR VHFWRUV 7KLV PDNHV LW QHFHVVDU\ WR LQYHVWLJDWH WKH
FKDQQHOVRISULFHWUDQVPLVVLRQEHWZHHQWKHWZRVHFWRUVLQRUGHUWRIRUPXODWHSROLF\UHFRPPHQGDWLRQVDQGWRSUHYHQW
IXWXUHFULVHVRIIRRGSULFHV
,Q WKLVDUWLFOHZHPRYH WKHUHVHDUFKRQHVWHS IXUWKHUDLPLQJDW WKH VLPXOWDQHRXVH[DPLQDWLRQRI WKUHHGLIIHUHQW
JURXSVRIYDULDEOHVIRUPRUHUREXVWHYLGHQFH6SHFLILFDOO\ZHLQYHVWLJDWHWKHG\QDPLFOLQNDJHVEHWZHHQFUXGHRLO
DQGDJULFXOWXUDOFRPPRGLWLHVDJULFXOWXUDOSURGXFWVDQGELRIXHOVDQGILQDOO\EHWZHHQHQHUJ\V\VWHPDQGELRIXHOV
7R DGGUHVV WKH UHVHDUFK TXHVWLRQV ZH DSSO\ WKH $5'/ FRLQWHJUDWLRQ PHWKRGRORJ\ SURSRVHG E\ 3HVDUDQ HW DO
ZKLFKUHYHDOVERWKWKHORQJDQGWKHVKRUWUXQG\QDPLFVEHWZHHQWKHH[DPLQHGUHODWLRQVKLSV
7KHUHVWRIWKHDUWLFOHLVVWUXFWXUHGDVIROORZV6HFWLRQGLVFXVVHVWKHZD\VRILQWHUDFWLRQEHWZHHQHQHUJ\VHFWRU
ELRIXHOVDQGDJULFXOWXUDOFRPPRGLW\PDUNHW6HFWLRQSUHVHQWVWKHGDWDDQGWKHHPSLULFDOUHVXOWV)LQDOO\VHFWLRQ
SURYLGHVDVXPPDU\DQGFRQFOXVLRQV
/LWHUDWXUHUHYLHZ
,QWKHODVWGHFDGHVWKHSURGXFWLRQRIELRIXHOVKDVEHHQEDVHGRQFRPPRGLWLHVVXFKDVFHUHDOVVXJDUDQGRLOVHHGV
1DWDQHORY HW DO  7KH DERYH VLWXDWLRQ LQ FRQMXQFWLRQ ZLWK WKH JURZLQJ GHPDQG IRU ELRIXHOV FUHDWHV
H[SHFWDWLRQVIRUHYHQKLJKHULQFUHDVHVLQGHPDQGIRUFURSVDQGFHUHDOV7KHOLPLWHGDPRXQWRIIHUWLOHODQGDQGWKH
ULVLQJ JOREDO GHPDQG IRU IRRG DUH LPSRUWDQW LQKLELWRUV IRU WKH SURGXFWLRQ RI ILUVW JHQHUDWLRQ ELRIXHOV 6HFRQG
JHQHUDWLRQELRIXHOVDUHQRZEHLQJGHYHORSHG7KHUHLVVWLOOQRODUJHVFDOHSURGXFWLRQRIVHFRQGJHQHUDWLRQELRIXHOV
PDLQO\GXHWRWKHLUKLJKSURGXFWLRQFRVW'XHWRWKHWLJKWOLQNDJHVEHWZHHQIHHGVWRFNDQGILUVWJHQHUDWLRQELRIXHOV
WKHFRVWRISURGXFWLRQLVGLUHFWO\GHSHQGHQWRQWKHIHHGVWRFNSULFHVZKLFK LQWXUQKDYHULVHQGXHWRKLJKZRUOG
PDUNHWGHPDQG+RZHYHUWKHWDOHRIOLQNDJHLVIDUPRUHLQWULFDWH)LJXUHEHORZSUHVHQWVWKHWUHQGRISULFHLQGLFHV
IURP0DUFKWR'HFHPEHU


)LJ,QGH[HGSULFHHYROXWLRQIURP0DUFKWR'HFHPEHU
6RXUFH1DWDQHORYHWDO
7KHJUDSKLOOXVWUDWHVWKHSULFHWUHQGVIRUHWKDQROFRUQDQGFUXGHRLOLQ8QLWHG6WDWHVIRUWKHSHULRG,W
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UHYHDOVDSHDNRQO\LQWKHSULFHRIHWKDQROLQWKH\HDU0RUHVSHFLILFDOO\WKHUHZDVDGHFUHDVHLQSURGXFWLRQRI
DGGLWLRQDO IXHOV EHFDXVH WKH SURGXFWLRQ RI WKHP SROOXWHG ZDWHU DQG SHRSOH ZHUH SRLVRQHG $V D UHVXOW WKH
SURGXFWLRQRIHWKDQROLQFUHDVHGDQGSXVKHGWKHSULFHRIFRUQXSZDUGV
7KH LVVXHRI WKH LQWHUDFWLRQRISULFHVZLWKLQ WKHV\VWHPRIFUXGHRLOELRIXHOVDQGDJULFXOWXUDOFRPPRGLWLHVKDV
EHHQH[WHQVLYHO\LQYHVWLJDWHGRYHUWKHODVWGHFDGH
0RUHSDUWLFXODUO\1D\ORUHWDOLQYHVWLJDWHWKHSULFHVRIHWKDQROFUXGHRLOVXJDUVR\EHDQDQGSDOPRLO
6HYHUDOEDVLFPRGHOVKDYHEHHQGHYHORSHGWRSURMHFWWKHWUDQVPLVVLRQRIHQHUJ\SULFHVWRIRRGPDUNHWV7KHPRGHOV
VKRZWKDWLIWKHHQHUJ\FRQWHQWFKDQJHVWKHHWKDQROSULFHVKRXOGEHHTXDOWRWKHJDVROLQHSULFH6LPXOWDQHRXVO\WKH
HWKDQROSULFHVKRXOGIROORZWKHSULFHRISHWUROHXPFORVHO\7KHVDPHKROGVIRUELRGLHVHO7KHHIIHFWVRIELRIXHOVRQ
IRRG SULFHV FDQ EH WUDFHG WKURXJK GLUHFW DQG LQGLUHFW FKDQQHOV RI SURGXFWLRQ DQG FRQVXPSWLRQ 7KHVH FKDQQHOV
LQFOXGHWKHUHVSRQVLYHQHVVRIGHPDQGDQGVXSSO\IRUWKHUHOHYDQWDJULFXOWXUDOFRPPRGLWLHVWRSULFHVZKLFKGHSHQGV
LQODUJHSDUWRQWKHVXEVWLWXWLRQSRVVLELOLWLHVLQSURGXFWLRQDQGFRQVXPSWLRQIRUIRRGIHHGDQGIXHO,QSDUWLFXODU
WKH VKRUW DQG ORQJUXQ HIIHFWVPD\ GLIIHU VXEVWDQWLDOO\ GHSHQGLQJ RQ WKH ELRSK\VLFDO VXVWDLQDELOLW\ RI LQGLYLGXDO
FURSSURGXFWLRQV\VWHPV7KHORQJUXQHIIHFWVZLOODOVREHDIXQFWLRQRIFKDQJLQJLQFRPHVWDVWHVELRIXHOVUHVHDUFK
DQGGHYHORSPHQWDQGLQIUDVWUXFWXUHLQYHVWPHQWV)LQDOO\LQDGGLWLRQWRPDUNHWSULFHG\QDPLFVSRWHQWLDOQRQPDUNHW
FRVWV DQG EHQHILWV WR VRFLHW\ IURP H[SDQVLRQ RI ELRIXHOV SURGXFWLRQ FDSDFLW\ LQFOXGH FKDQJHV LQ QDWLYH VSHFLHV¶
KDELWDWELRGLYHUVLW\DLUDQGZDWHUTXDOLW\DQGQHW*+*HPLVVLRQV
=KDQJHWDOVXSSRUWWKHGHULYHGGHPDQGWKHRU\IRUHWKDQROFRUQDQGVR\EHDQUHODWLRQVKLSVZLWKRLO
DQGJDVROLQH0DUNHW VKRFNVPD\ LQ WKHVKRUW UXQ LQFUHDVHDJULFXOWXUDOFRPPRGLW\SULFHVKRZHYHUGHFHQWUDOL]HG
IUHHO\RSHUDWLQJPDUNHWVZLOODEDWHWKHSHUVLVWHQFHRIWKHVHVKRFNV)XUWKHUPRUHWKHLUUHVXOWVGRQRWUHYHDOORQJUXQ
UHODWLRQVKLSVEHWZHHQIXHOHWKDQRORLODQGJDVROLQHSULFHVDQGDJULFXOWXUDOFRPPRGLW\FRUQDQGVR\EHDQSULFHV
1DWDQHORYHWDO
,QFRQWUDVW$QGHUVRQDQG&REOHVWXG\WKHLPSDFWRIUHQHZDEOHIXHOVVWDQGDUGHWKDQROPDQGDWHVRQFRUQ
SULFHV DQG FRUQ SURGXFWLRQ OHYHOV 7KHLU UHVXOWV VXSSRUW WKDW WKURXJK WKH VWRFKDVWLF QDWXUH RI VXSSO\ DQG GHPDQG
VKRFNV D QRQ ELQGLQJ PDQGDWH FDQ KDYH VXEVWDQWLDO LPSDFW RQ FRUQ SULFHV DQG YROXPHV GXH WR WKH SULFH
UHVSRQVLYHQHVVRIGHPDQGIURPWKH86HWKDQROVHFWRULQVWLJDWHGE\WKHPDQGDWH
&LDLQ DQG.DQFV  VWXG\ WKHSULFHVRI FRUQ FRWWRQ ULFH VXJDU VR\EHDQV EDQDQD DQG WHDZLWKRLO SULFHV
IURPXQWLO 7KH HPSLULFDO ILQGLQJV FRQILUP WKH WKHRUHWLFDO K\SRWKHVLV WKDW WKHSULFHV IRU FUXGHRLO DQG
DJULFXOWXUDOFRPPRGLWLHVDUHLQWHUGHSHQGHQWLQFOXGLQJDOVRFRPPRGLWLHVQRWGLUHFWO\XVHGLQELRHQHUJ\SURGXFWLRQ
&RQWUDU\ WR WKH WKHRUHWLFDO SUHGLFWLRQV WKH LQGLUHFW LQSXW FKDQQHO RI SULFH WUDQVPLVVLRQ LV IRXQG WR EH VPDOO DQG
VWDWLVWLFDOO\LQVLJQLILFDQW6SHFLILFDOO\WKHLUILQGLQJVFRQILUPWKHWKHRUHWLFDOK\SRWKHVLVWKDWHQHUJ\SULFHVGRDIIHFW
SULFHVIRUDJULFXOWXUDOFRPPRGLWLHVDQGWKHLQWHUGHSHQGHQFLHVEHWZHHQWKHHQHUJ\DQGIRRGPDUNHWVDUHLQFUHDVLQJ
RYHU WLPH ,Q WKH SHULRG  WKH\ ILQG FRLQWHJUDWLRQ EHWZHHQ DOO H[DPLQHG DJULFXOWXUDO FRPPRGLWLHV DQG
FUXGH RLO SULFHV 7KH FDXVDOLW\ WHVWV VXJJHVW WKDW WKHUH LV D ORQJUXQ *UDQJHU FDXVDOLW\ IURP RLO WR DJULFXOWXUDO
FRPPRGLW\SULFHVEXWQRWRIWKHRSSRVLWHGLUHFWLRQ%DVHGRQLQQRYDWLRQDFFRXQWLQJDQDO\VLVWKHDXWKRUVFDOFXODWH
WKH ORQJUXQSULFH WUDQVPLVVLRQHODVWLFLWLHV7KH LPSXOVH UHVSRQVHDQDO\VLV VXJJHVWV WKDWDOO FRPPRGLW\SULFHVDUH
DIIHFWHG E\ HQHUJ\ SULFHV LQFOXGLQJ WKRVH WKDW DUH QRW GLUHFWO\ XVHG IRU ELRHQHUJ\ SURGXFWLRQ 7KH LPSDFW RI D
SRVLWLYHRLOSULFHVKRFNRQDJULFXOWXUDOFRPPRGLWLHVLVFRQVLGHUDEO\ODUJHUWKDQWKDWRIWKHRSSRVLWHGLUHFWLRQ&LDLQ
DQG.DQFV
1DWDQHORY HW DO  LQYHVWLJDWH WKH FUXGH RLO SULFHV DQG HWKDQROFRUQ IRU WKH SHULRG  XQWLO  7KH
UHVHDUFKVKRZVWKDWWKHUHH[LVWVDVWURQJUHODWLRQVKLSEHWZHHQFUXGHRLODQGFRUQPDUNHWVRQRQHVLGHDQGFUXGHRLO
DQG HWKDQRO RQ WKHRWKHU7KH UHODWLRQVKLSEHWZHHQFRUQ DQG HWKDQRO LV IRXQG OHVV VWUDLJKWIRUZDUG DV LW LV GULYHQ
PRUHE\JRYHUQPHQWSROLF\WKDQWKHPDUNHWSODFH
5DMFDQLRYD HW DO  LQYHVWLJDWH HWKDQRO SULFHV DQG ELRGLHVHO IRU WKH SHULRGV  DQG 
UHVSHFWLYHO\7KH DXWKRUV ILQG WKDW WKH HWKDQRO SULFHZDV FRGHWHUPLQHGE\ WKH8QLWHG6WDWHV DQG%UD]LO RYHU WKH
SHULRGXQWLOPRVWO\YLDWKH86WD[FUHGLWDQGWKH%UD]LOLDQWD[H[HPSWLRQ)RUELRGLHVHO LQWKHSHULRG
 WKH\ ILQG WKDW WKH(XURSHDQ8QLRQ HVWDEOLVKHG WKHZRUOGELRGLHVHO SULFH7KHLU ILQGLQJV VKRZ WKDW WKH
ELRIXHOSROLF\LQ(XURSHGHWHUPLQHVPRUHGLIILFXOWWKHELRGLHVHOWKDQWKHHWKDQROSULFH+RZHYHUDVIDUDVWKH8QLWHG
6WDWHVZKHQ WKHHWKDQROSULFH LVGHWHUPLQHGRXWVLGH WKH86 ORFDOEOHQGHUVDVVXPHWKHSULFHRIHWKDQRODOWKRXJK
WKHUHLVFRPSHWLWLRQDPRQJJRYHUQPHQWVIRUWKHWD[FUHGLWUHVXOWV7KHUHIRUHLQWKLVVLWXDWLRQWKH86WD[FUHGLWDFW
DVDQLQGLUHFWHWKDQROSURGXFWLRQVXEVLG\DQGFRQFOXGHLQDKLJKHUGRPHVWLFSULFHUHFHLYHGE\86HWKDQROSURGXFHUV
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'DWDDQGHPSLULFDOUHVXOWV
'DWD
7KHGDWDHPSOR\HGDUHPRQWKO\DQGDUHFROOHFWHG IURPWKH%ORRPEHUJ¶VGDWDEDVH7KHH[DPLQHGYDULDEOHVDUH
FRUQ &51 VXJDU 6*5 IRRG SULFH LQGH[ )3, FUXGH RLO &'2 HWKDQRO (7+ DQG ELRGLHVHO %6/ DOO LQ
ORJDULWKPLFIRUPGHQRWHGE\WKHOHWWHU/6SHFLILFDOO\FRUQSULFHVFRYHUWKHSHULRGIURP$SULOWR$SULO
VXJDUSULFHVIURP6HSWHPEHUWR$XJXVWIRRGSULFHLQGH[IURP)HEUXDU\WR0DUFKFUXGHRLO
IURP$SULOWR0DUFKHWKDQROIURP-XQHWR$XJXVWDQGELRGLHVHOIURP-XQHWR-XQH
7KHXQLWVRIPHDVXUHPHQWDUH0WIRUFRUQDQGVXJDUDQGEDUUHOIRUFUXGHRLOHWKDQRODQGELRGLHVHO
(PSLULFDOUHVXOWV
,Q WKH ILUVW VWHS D WLPH VHULHV DQDO\VLV UHTXLUHV WKH LGHQWLILFDWLRQ RI WKH LQWHJUDWLRQ SURSHUWLHV RI WKH LQYROYHG
YDULDEOHV$ WLPH VHULHV LV FRQVLGHUHG VWDWLRQDU\ZKHQ LWVPHDQ YDULDQFH DQG DXWRFRYDULDQFH GR QRWGHSHQG RQ
WLPH+RZHYHUPRVWHFRQRPLFWLPHVHULHVKDYHQRQVWDWLRQDU\FKDUDFWHULVWLFVEHFDXVHWKH\H[KLELWWUHQGVHDVRQDOLW\
RU RWKHU F\FOLFDO IOXFWXDWLRQV$PRQJ WKHPRVW FRPPRQ WHVWV WR GHFLGHZKHWKHU D VHULHV KDV D XQLW URRW DUH WKH
$XJPHQWHG'LFNH\)XOOHU$')'LFNH\DQG)XOOHUWKH'LFNH\)XOOHU*HQHUDOL]HG/HDVW6TXDUHV
WHVW')*/6(OOLRWWHWDOWKH3KLOOLSV3HUURQWHVW333KLOOLSV3KLOOLSVDQG3HUURQDQG
WKH.ZLDWNRZVNL3KLOOLSV6FKPLGW6KLQWHVW.366.ZLDWNRZVNLHWDO
7DEOHEHORZSUHVHQWVWKHUHVXOWVIURPWKHDERYHPHQWLRQHGWHVWVFRQVLGHULQJWKHFDVHZLWKLQWHUFHSWDQGWUHQG
7KHXQLWURRWWHVWVLQWKHOHYHOVRIWKHYDULDEOHVVKRZWKDWDOOYDULDEOHVDUHQRQVWDWLRQDU\ZKLOHWKHUHVXOWVIURPWKH
XQLW URRW WHVWV LQ WKH ILUVW GLIIHUHQFHG YDULDEOHV LQGLFDWH VWDWLRQDULW\ ,Q VXP DOO H[DPLQHG YDULDEOHV FDQ EH
FKDUDFWHUL]HGLQWHJUDWHGRIRUGHURQH,
7DEOH8QLWURRWWHVWV
,QOHYHOV
9DULDEOHV $') 33 ')*/6 .366
/&51 E E E E
/6*5 E E E E
/)3, E E E E
/&'2 E E E E
/(7+ E E E E
/%6/ E E E E

,QILUVWGLIIHUHQFHV
9DULDEOHV $') 33 ')*/6 .366
'/&51 D D D D
'/6*5 D D D D
'/)3, D D D D
'/&'2 D D D D
'/(7+ D D D D
'/%6/ D D D D
D6LJQLILFDQWDWE6LJQLILFDQWDWF6LJQLILFDQWDW

6LQFHDOO WKHH[DPLQHGYDULDEOHVDUH IRXQG,ZHKDYH WR WHVW IRUSRVVLEOHFRLQWHJUDWLRQ ,Q WKLVGLUHFWLRQZH
SURFHHGE\ DSSO\LQJ WKH$5'/FRLQWHJUDWLRQPHWKRGRORJ\ DOVRNQRZQDVERXQGV WHVWLQJ 3HVDUDQ HW DO 
7KLVDSSURDFKKDVVHYHUDODGYDQWDJHVWRRWKHUFRQYHQWLRQDOPHWKRGVVLQFHDVDVLQJOHHTXDWLRQPHWKRGRORJ\VDYHV
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GHJUHHVRIIUHHGRPZKLFKLVYHU\LPSRUWDQWLQFDVHVRIVPDOOVDPSOHV
7KH$5'/DSSURDFKLQYROYHVHVWLPDWLQJWKHIROORZLQJXQUHVWULFWHGHUURUFRUUHFWLRQPRGHO
ο ௧ܻ ൌ ߙ଴ ൅ ߙଵ ௧ܻିଵ ൅ ߙଶܺ௧ିଵ ൅ σ ߚ௜ο ௧ܻି௜ ൅ σ ߛ௝οܺ௧ି௝ ൅ ݑ௧௠௝ୀଵ Ǥ௡௜ୀଵ 
7KH ERXQGV WHVWLQJ DSSURDFK LV FRQGXFWHG E\PHDQV RI DQ )WHVW H[DPLQLQJ WKH QXOO K\SRWKHVLV WKDWܪ଴ǣ ߙଵ ൌ
ߙଶ ൌ ͲDJDLQVW LWV DOWHUQDWLYHܪଵǣ ߙଵ ് Ͳ݋ݎߙଶ ് ͲǤ5HMHFWLRQ RI WKH QXOO LPSOLHV D ORQJUXQ FDXVDO UHODWLRQVKLS
EHWZHHQWKHH[DPLQHGYDULDEOHV6LQFHH[DFWFULWLFDOYDOXHVIRUWKH)WHVWDUHQ
WDYDLODEOHIRUDFRPELQDWLRQRIܫሺͲሻ
DQGܫሺͳሻYDULDEOHV3HVDUDQHWDOSURYLGHORZHUDQGXSSHUERXQGVRQWKHFULWLFDOYDOXHVRYHUWKHDV\PSWRWLF
GLVWULEXWLRQRIWKH)VWDWLVWLF7KHORZHUERXQGLVEDVHGRQWKHDVVXPSWLRQWKDWDOORIWKHYDULDEOHVDUHܫሺͲሻZKLOHWKH
XSSHUERXQGWKDWDOORIWKHYDULDEOHVDUHܫሺͳሻ,I WKH)VWDWLVWLF IDOOVEHORZWKHORZHUERXQGWKHYDULDEOHVDUHܫሺͲሻ
DQGFRLQWHJUDWLRQLVQRWVXSSRUWHG,IWKH)VWDWLVWLFH[FHHGVWKHXSSHUERXQGFRLQWHJUDWLRQLVSUHVHQW)LQDOO\LIWKH
)VWDWLVWLF IDOOV EHWZHHQ WKH ERXQGV WKH WHVW LV LQFRQFOXVLYH ,Q FDVH RI FRLQWHJUDWLRQ WKH ORQJ UXQ HTXLOLEULXP
UHODWLRQVKLSKDVWKHIROORZLQJIRUP
௧ܻ ൌ ܾ଴ ൅ ܾଵܺ௧ ൅ ݒ௧Ǥ
7DEOH EHORZ SUHVHQWV WKH UHVXOWV RI WKH$5'/PHWKRGRORJ\ IRU WKH JURXS RI DJULFXOWXUDO FRPPRGLWLHV DQG
FUXGHRLO SULFHV7KH ILQGLQJV VXSSRUW H[LVWHQFHRI D ORQJ UXQ FDXVDO UHODWLRQVKLS UXQQLQJ IURPFUXGHRLO WRZDUGV
FRUQ) !)FULWLFDO DVZHOODVIURPFUXGHRLOWRVXJDU) !)FULWLFDO +RZHYHUQR
HYLGHQFHRIFRLQWHJUDWLRQZDVIRXQGEHWZHHQWKHIRRGSULFHLQGH[DQGFUXGHRLO) )FULWLFDO 
7DEOH5HVXOWVIURPERXQGVWHVWVIRRGPDUNHWFUXGHRLO
'HSHQGHQWLQGHSHQGHQW
YDULDEOHV $5'/RUGHU )VWDWLVWLF &RQFOXVLRQ
/&51/&'2   /RQJUXQFDXVDOLW\
/6*5/&'2   /RQJUXQFDXVDOLW\
/)3,/&'2   1RORQJUXQFDXVDOLW\
&ULWLFDOYDOXHVE\PRGLILHGWHVWVRI3HVDUDQ
DWORZHUERXQG³´XSSHUERXQG³´±DWORZHUERXQG³´XSSHUERXQG³´

7DEOHEHORZUHSRUWVWKHHPSLULFDOUHVXOWVIRUELRIXHOVDQGDJULFXOWXUDOFRPPRGLWLHV7KHUHVXOWVUHYHDODORQJ
UXQFDXVDOUHODWLRQVKLSUXQQLQJIURPFRUQWRHWKDQRO) !)FULWLFDO +RZHYHUWKHUHLVQRHYLGHQFH
RIDORQJUXQFDXVDOUHODWLRQVKLSUXQQLQJIURPVXJDUWRHWKDQRO) )FULWLFDO $OVRWKHILQGLQJV
VKRZ QR HYLGHQFH RI ORQJ UXQ FDXVDOLW\ UXQQLQJ IURP WKH IRRG SULFH LQGH[ WRZDUGV HWKDQRO )  
)FULWLFDO DVZHOODVIURPWKHIRRGSULFHLQGH[WRZDUGVELRGLHVHO) )FULWLFDO 
7DEOH5HVXOWVIURPERXQGVWHVWVELRIXHOVIRRGPDUNHW
'HSHQGHQWLQGHSHQGHQW
YDULDEOHV $5'/RUGHU )VWDWLVWLF &RQFOXVLRQ
/(7+/&51   /RQJUXQFDXVDOLW\
/(7+/6*5   1RORQJUXQFDXVDOLW\
/(7+/)3,   1RORQJUXQFDXVDOLW\
/%6//)3,   1RORQJUXQFDXVDOLW\
&ULWLFDOYDOXHVE\PRGLILHGWHVWVRI3HVDUDQ
DWORZHUERXQG³´XSSHUERXQG³´±DWORZHUERXQG³´XSSHUERXQG³´

7DEOH  VKRZV WKH HPSLULFDO UHVXOWV RI WKH $5'/ DSSURDFK IRU ELRIXHOV DQG FUXGH RLO )RU WKH UHODWLRQVKLS
EHWZHHQ HWKDQRO DQG FUXGH RLO WKH ILQGLQJV DUH LQFRQFOXVLYH VLQFH DW WKH  FRQILGHQFH OHYHO WKH YDOXH RI )
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VWDWLVWLFLVEHWZHHQWKHORZHVWDQGWKHXSSHUERXQGRIWKHPRGLILHG)FULWLFDOYDOXHV+RZHYHUZHFRQILUPH[LVWHQFH
RIDORQJUXQFDXVDOUHODWLRQVKLSUXQQLQJIURPFUXGHRLOWRELRGLHVHO) !)FULWLFDO 
7DEOH5HVXOWVIURPERXQGVWHVWVELRIXHOFUXGHRLO
'HSHQGHQWLQGHSHQGHQW
YDULDEOHV $5'/RUGHU )VWDWLVWLF &RQFOXVLRQ
/(7+/&'2   8QFHUWDLQH[LVWHQFHRIFRLQWHJUDWLRQDW
/%6//&'2   /RQJUXQFDXVDOLW\
&ULWLFDOYDOXHVE\PRGLILHGWHVWVRI3HVDUDQ
DWORZHUERXQG³´XSSHUERXQG³´±DWORZHUERXQG³´XSSHUERXQG³´

7DEOHEHORZSUHVHQWV WKH HVWLPDWHG FRHIILFLHQWVRI DOO WKH ORQJ UXQ HTXLOLEULXP UHODWLRQVKLSVZKLFK H[SUHVV
HODVWLFLWLHVDQGLQDOOFDVHVDUHSRVLWLYH
7DEOH(VWLPDWHGORQJUXQHODVWLFLWLHV
'HSHQGHQWLQGHSHQGHQWYDULDEOHV &RQVWDQW 6ORSH
/&51/&'2 >@

>@
/(7+/&51 >@

>@
/(7+/&'2 >@

>@
/6*5/&'2 >@

>@
/%6//&'2 >@

>@
6TXDUHEUDFNHWVUHSRUWSYDOXHV

1H[W LQ7DEOHEHORZZHSUHVHQW WKH ILQGLQJV IURPWKHHVWLPDWHGHUURUFRUUHFWLRQPRGHOV7KHUHVXOWVGHSLFW
WKDWZHKDYHDQHJDWLYHDQGVLJQLILFDQWHUURUFRUUHFWLRQ WHUP LQPRVWPRGHOVZKLFKFRQILUPV WKH ORQJ UXQFDXVDO
HIIHFWVGHWHFWHGSUHYLRXVO\E\PHDQVRIWKHERXQGVWHVWV7KHRQO\H[FHSWLRQLVWKDWEHWZHHQELRGLHVHODQGFUXGHRLO
ZKHUHWKHHUURUFRUUHFWLRQWHUPLVIRXQGSRVLWLYHUHYHDOLQJGHYLDWLRQIURPWKHHTXLOLEULXP7KHVSHHGRIDGMXVWPHQW
LVIRXQGKLJKHUIURPFRUQWRHWKDQROZKLOHWKHORZHVWLVIRXQGIURPFUXGHRLOWRFRUQ
7DEOH(VWLPDWHGHUURUFRUUHFWLRQWHUPV
'HSHQGHQWLQGHSHQGHQWYDULDEOHV (UURUFRUUHFWLRQWHUPFRHIILFLHQW SYDOXHV
'/&51'/&'2  >@
'/(7+'/&51  >@
'/(7+'/&'2  >@
'/6*5'/&'2  >@
'/%6/'/&'2  >@

7DEOHSUHVHQWV WKH UHVXOWV IURP VKRUW UXQ FDXVDOLW\ WHVWV7KHYLHZ WKDW WKHUH LV VKRUW UXQ FDXVDO UHODWLRQVKLS
EHWZHHQ FUXGH RLO DQG DJULFXOWXUDO FRPPRGLWLHV =KDQJ HW DO   LV YHULILHG +RZHYHU WKHUH LV QR
HYLGHQFHIURPVKRUW UXQFDXVDOLW\EHWZHHQDJULFXOWXUDOFRPPRGLWLHVDQGELRIXHOV$V LWFRQFHUQV WKHJHQHUDO IRRG
SULFH LQGH[ WKHUH LVHYLGHQFHRI VKRUW UXQFDXVDOLW\ UXQQLQJ IURP IRRGSULFH LQGH[ WRELRGLHVHO)LQDOO\ VKRUW UXQ
FDXVDOHIIHFWVDUHGHWHFWHGUXQQLQJIURPFUXGHRLOWRELRGLHVHO


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7DEOH6KRUWUXQFDXVDOLW\WHVWV
'HSHQGHQWLQGHSHQGHQWYDULDEOHV :DOGVWDWLVWLF &RQFOXVLRQ
ǻ/&51ǻ/&'2 >@ 6KRUWUXQFDXVDOLW\
ǻ/(7+ǻ/&51 >@ 1RVKRUWUXQFDXVDOLW\
ǻ/(7+ǻ/&'2 >@ 1RVKRUWUXQFDXVDOLW\
ǻ/6*5ǻ/&'2 >@ 6KRUWUXQFDXVDOLW\
ǻ/(7+ǻ/6*5 >@ 1RVKRUWUXQFDXVDOLW\
ǻ/)3,ǻ/&'2 >@ 6KRUWUXQFDXVDOLW\
ǻ/(7+ǻ/)3, >@ 1RVKRUWUXQFDXVDOLW\
ǻ/%6/ǻ/)3, >@ 6KRUWUXQFDXVDOLW\
ǻ/%6/ǻ/&'2 >@ 6KRUWUXQFDXVDOLW\
6XPPDU\DQGFRQFOXVLRQV
,QWKLVDUWLFOHZHXVHGWKH$5'/FRLQWHJUDWLRQPHWKRGRORJ\WRLQYHVWLJDWHWKHG\QDPLFOLQNDJHVEHWZHHQFUXGH
RLOELRIXHOVDQGVHOHFWHGDJULFXOWXUDOFRPPRGLWLHV
2XU ILQGLQJVSURYLGHG HYLGHQFHRI FRLQWHJUDWLRQEHWZHHQ FUXGHRLO DQG DJULFXOWXUDO FRPPRGLWLHV6SHFLILFDOO\
WKHUHLVHYLGHQFHRIORQJUXQFDXVDOLW\UXQQLQJIURPFUXGHRLOWRFRUQDQGIURPFUXGHRLOWRVXJDU)XUWKHUPRUHWKHUH
LV ORQJ UXQ FDXVDO HIIHFW EHWZHHQ FRUQ DQG HWKDQRO UXQQLQJ IURPFRUQ WR HWKDQRO$V FRQFHUQV WKH UHVXOWV UHYHDO
HYLGHQFHRI ORQJ UXQFDXVDOLW\ UXQQLQJ IURPFUXGHRLO WRHWKDQRO:LWK UHJDUG WR WKH VKRUW UXQG\QDPLFV WKHUH LV
HYLGHQFHRIVKRUWUXQFDXVDOLW\EHWZHHQFUXGHRLODQGDJULFXOWXUDOFRPPRGLWLHVUXQQLQJIURPFUXGHRLOWRFRUQDQG
IURPFUXGHRLO WRVXJDU,QDGGLWLRQZHFRQILUPWKHH[LVWHQFHRIVKRUWUXQFDXVDOHIIHFWUXQQLQJIURPFUXGHRLO WR
IRRGSULFH LQGH[7KHUHVXOWV IXUWKHUFRQILUPHYLGHQFHRI VKRUW UXQFDXVDOLW\ IURPWKHJHQHUDO IRRGSULFH LQGH[ WR
ELRGLHVHO)LQDOO\ZHILQGVKRUWUXQFDXVDOUHODWLRQVKLSIURPFUXGHRLOWRELRGLHVHO
6XPPLQJXS WKH UHVXOWVRIRXU LQYHVWLJDWLRQKDYHFRQILUPHG WKHKLJKGHSHQGHQFHRIDJULFXOWXUDO FRPPRGLWLHV
ZLWKIRVVLOIXHOVWUDGLWLRQDOO\WKHFRVWRIHQHUJ\SURGXFWLRQLVDIIHFWHGE\DQ\FKDQJHLQIXHOSULFHV6LQFHJOREDO
DJULFXOWXUHLVGHSHQGHQWRQIRVVLOIXHOVWRPHHWLWVHQHUJ\QHHGV WKHSODQHWZLOOEHXQGHUWKHWKUHDWRIVXGGHQDQG
XQDQWLFLSDWHGULVHVLQRLOSULFHV&RQVHTXHQWO\LWLVUHTXLUHGWRUHSODFHWKHSDUWRIWKHFRQVXPSWLRQRIHQHUJ\EDVHG
RQRLOZLWKDOWHUQDWLYHVRXUFHVRIHQHUJ\
$FNQRZOHGJHPHQWV
7KLV UHVHDUFKKDVEHHQFRILQDQFHGE\ WKH(XURSHDQ8QLRQ(XURSHDQ6RFLDO)XQG±(6)DQG*UHHNQDWLRQDO
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